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(57) A cooling device for an electrical conductor of
the present disclosure includes: a cooling device body in
which a flow path of refrigerant is formed, an opening
portion communicating with the flow path being formed
on an outer surface of the cooling device body; a con-
ductor fixing portion which is allowed to be fixed an elec-
trical conductor thereto; and an insulating base portion
which is disposed between the conductor fixing portion
and the cooling device body and is fixed to the cooling
device body to block the opening portion, in which the
cooling device body and the refrigerant are electrically
insulated from the conductor fixing portion by the insu-
lating base portion and heat of the conductor fixing por-
tion is allowed to be transferred to the cooling device
body and the refrigerant through the insulating base por-
tion. The insulating base portion includes an insulating
base portion body holding the conductor fixing portion
and a flow path forming portion which is formed of the
same material as the insulating base portion body and
is exposed in the flow path to define the flow path together
with the cooling device body.
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Description
Technical Field

[0001] The present disclosure relates to a cooling de-
vice for an electrical conductor, a power conversion de-
vice, and a rotary electric machine.

[0002] Priority is claimed on Japanese Patent Applica-
tion No. 2021-64570, filed April 6, 2021, the content of
which is incorporated herein by reference.

Background Art

[0003] Patent Document 1 describes a terminal block
that electrically connects conductive members of a mo-
tor. The terminal block described in Patent Document 1
includes a heat sink that comes into contact with a refrig-
erant passing through a refrigerant flow path of a motor
casing.

Citation List
Patent Document(s)

[0004]
5672074

Patent Document 1: Japanese Patent No.

Summary of Invention
Technical Problem

[0005] The terminal block described in Patent Docu-
ment 1 cools a metal terminal portion by transferring heat
of the terminal portion to the heat sink via a molded resin
portion which is an insulating material. However, since
the structure of the terminal block becomes complicated
and the heat transfer path from the terminal portion to
the refrigerant flow path becomes long, there is a problem
that it becomes difficult to further improve cooling per-
formance.

[0006] The present disclosure has been made in view
of the above-described circumstances and an object
thereof is to provide a cooling device for an electrical
conductor, a power conversion device, and a rotary elec-
tric machine capable of improving cooling performance
by suppressing a complicated structure.

Solution to Problem

[0007] In orderto achieve the aforementioned objects,
the following configuration is adopted.

[0008] According to a first aspect of the present disclo-
sure, a cooling device for an electrical conductor in-
cludes: a cooling device body in which a flow path of
refrigerant is formed, an opening portion communicating
with the flow path being formed on an outer surface of
the cooling device body; a conductor fixing portion which
is allowed to be fixed an electrical conductor thereto; and
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an insulating base portion which is disposed between the
conductor fixing portion and the cooling device body and
is fixed to the cooling device body to block the opening
portion, in which the cooling device body and the refrig-
erant are electrically insulated from the conductor fixing
portion by the insulating base portion, and heat of the
conductor fixing portion is allowed to be transferred to
the cooling device body and the refrigerant through the
insulating base portion, wherein the insulating base por-
tion includes an insulating base portion body holding the
conductor fixing portion and a flow path forming portion
which is formed of the same material as the insulating
base portion body and is exposed in the flow path to
define the flow path together with the cooling device body.
[0009] According to a second aspect of the present
disclosure, a power conversion device includes: the cool-
ing device for the electrical conductor; an input conductor
which is configured to serve as the electrical conductor;
a power conversion unit that converts power input from
the input conductor; and an output conductor which is
formed to output power converted by the power conver-
sion unit.

[0010] According to a third aspect of the present dis-
closure, a rotary electric machine includes: the cooling
device for the electrical conductor; and an input conduc-
tor which is formed to serve as the electrical conductor,
wherein the rotary electric machine generates a rotating
magnetic field by power input from the input conductor
to covert electrical energy into rotational energy.

Advantageous Effects of Invention

[0011] According to a cooling device for an electrical
conductor, a power conversion device, and a rotary elec-
tric machine, it is possible to improve cooling perform-
ance by suppressing a complicated structure.

Brief Description of Drawings
[0012]

FIG. 1 is a perspective view showing a schematic
configuration of a power conversion device of a first
embodiment of the present disclosure.

FIG. 2 is a perspective view of a cooling device for
an electrical conductor of the first embodiment of the
present disclosure.

FIG. 3 is an exploded perspective view of the cooling
device for the electrical conductor of the first embod-
iment of the present disclosure.

FIG. 4 is a plan view of the cooling device of the first
embodiment of the present disclosure.

FIG. 5 is a perspective view corresponding to FIG.
2 in a second embodiment of the present disclosure.
FIG. 6 is a perspective view when an insulating base
portion of a first modified example of the first embod-
iment of the present disclosure is viewed from a flow
path forming portion side.
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FIG. 7 is a plan view of a cooling device for an elec-
trical conductor of a second modified example of the
first embodiment of the present disclosure.

Description of Embodiments
First Embodiment

[0013] Next, a cooling device for an electrical conduc-
tor and a power conversion device of a first embodiment
of the present disclosure will be described with reference
to the drawings.

[0014] FIG. 1 is a perspective view showing a sche-
matic configuration of the power conversion device of the
first embodiment of the present disclosure. As shown in
FIG. 1, a power conversion device 100 of this first em-
bodiment includes a casing 11, an input conductor 12, a
rectifying unit 13, a power conversion unit 14, an output
conductor 15, and a cooling device 16. In this embodi-
ment, the power conversion device 100 will be described
using an inverter for controlling an electric motor (not
shown) as an example.

[0015] The casing 11 forms the outer shell of the power
conversion device 100. The casing 11 exemplified in this
embodiment has a rectangular parallelepiped shape
formed of synthetic resin or the like and an input conduc-
tor 12 and an output conductor 15 are drawn out from
two side surfaces (hereinafter, referred to as an input
side surface 17 and an output side surface 18) that are
arranged back to back to each other.

[0016] The input conductor 12 is, for example, an elec-
trical conductor which supplies DC power to the rectifying
unit 13. The input conductor 12 of this embodiment is a
bus bar formed of metal including copper or the like and
includes afirstinput conductor portion 12a which extends
in a direction intersecting the input side surface (outer
surface) 17 of the casing 11 and a second input conductor
portion 12b which extends along the input side surface
17 from the outer end portion of this first input conductor
portion 12a. The first input conductor portion 12a pene-
trates the input side surface 17 of the casing 11. The
second input conductor portion 12b of this embodiment
extends from the firstinput conductor portion 12ato bend
vertically toward the lower side of the paper surface of
FIG. 1 (in other words, the side closer to the cooling de-
vice 16). The end portion of the input conductor 12 (in
other words, the lower end portion of the second input
conductor portion 12b) is fixed to a conductor fixing por-
tion 20 of the cooling device 16 to be described later with
a fixture (not shown) such as a bolt. In this embodiment,
two input conductors 12, for example, an input conductor
12 connected to a P-type semiconductor region of the
power conversion unit 14 and an input conductor 12 con-
nected to an N-type semiconductor region thereof are
provided.

[0017] The rectifying unit 13 rectifies the power input
from the input conductor 12. The rectifying unit 13 of this
embodiment includes a plurality of capacitors (not
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shown) that remove high frequency components and the
like superimposed on the power input from the input con-
ductor 12. The power having passed through the rectify-
ing unit 13 is supplied to the power conversion unit 14.
The rectifier 13 may be provided as necessary, and for
example, the rectifier 13 may be omitted.

[0018] The power conversion unit 14 converts the pow-
er input from the input conductor 12. More specifically,
the power conversion unit 14 includes switching ele-
ments such as MOSFETs and IGBTs and converts DC
power input from the input conductor 12 via the rectifier
13 into AC power according to a control signal input from
acontrol unit (not shown). In this embodiment, three pow-
er conversion units 14 are integrally formed to output
three-phase alternating current. The input conductor 12
is branched and connected to these three power conver-
sion units 14.

[0019] The output conductor 15 outputs power con-
verted by the power conversion unit 14. More specifically,
the output conductor 15 is a bus bar formed of metal
containing copper or the like similarly to the input con-
ductor 12 and penetrates, for example, the output side
surface 18 of the casing 11 to extend linearly in adirection
intersecting the output side surface 18. For example, a
through hole (not shown) is formed at the end portion of
the output conductor 15 in this embodiment and can be
fixed to other electrical conductors (not shown) with a
fixture such as bolt.

[0020] The cooling device 16 is configured to cool the
electrical conductor. In this embodiment, the input con-
ductor 12 is cooled as the electrical conductor. Further-
more, the cooling device 16 of this embodiment can si-
multaneously cool not only the input conductor 12 but
also other components (for example, the power conver-
sion unit 14) that generate heat in the power conversion
device 100. For example, the outline of the cooling device
16 of this embodiment when viewed from above in FIG.
1 (in other words, in plan view) is formed to be the same
as the outline of the casing 11 and the cooling device 16
is provided to be stacked below the casing 11 in FIG. 1.
The cooling device 16 of this embodiment is integrally
fixed to the casing 11.

[0021] FIG.2isaperspective view ofthe cooling device
for the electrical conductor of the first embodiment of the
present disclosure. FIG. 3 is an exploded perspective
view of the cooling device for the electrical conductor of
the first embodiment of the present disclosure.

[0022] As shown in FIGS. 1 and 2, the cooling device
16 includes a cooling device body 19, a conductor fixing
portion 20, and an insulating base portion 21.

[0023] The cooling device body 19 forms a flow path
R (see FIG. 3) through which a refrigerant flows. A re-
frigerant is supplied from a refrigerant supply device (not
shown) disposed outside to this cooling device body 19.
The refrigerant supplied to the cooling device body 19
flows through the flow path of the cooling device body 19
and is discharged to the outside of the cooling device
body 19 to be returned to, for example, the refrigerant
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supply device (not shown).

[0024] AsshowninFIG. 3, the cooling device body 19
includes an opening portion 22 which communicates with
the flow path R. The opening portion 22 of this embodi-
ment is formed on an input side outer surface 23 of the
cooling device body 19 facing the same direction as the
input side surface 17 of the casing 11 in the outer surface
of the cooling device body 19. Further, the opening por-
tion 22 of this embodiment is an elongated hole in a di-
rection (hereinafter, referred to as a longitudinal direction
Da of the opening portion 22) perpendicular to a stacking
direction Dh (see FIG. 1) in which the cooling device 16
and the casing 11 are stacked on the input side surface
17. Afirst flow path Ra and a second flow path Rb which
extend in a direction (hereinafter, simply referred to as a
depth direction Dd) perpendicular to the input side outer
surface 23 on both sides of the opening portion 22 in the
longitudinal direction Da respectively communicate with
this opening portion 22. Further, a first folded flow path
surface 24 is formed between the first flow path Ra and
the second flow path Rb to be offset from the input side
outer surface 23 in the depth direction Dd. Further, a
screw hole 25 for attaching the insulating base portion
21 is formed on the input side outer surface 23 on both
sides of the opening portion 22 in the longitudinal direc-
tion Da of the opening portion 22.

[0025] AsshowninFIG. 2, the conductor fixing portion
20 is formed to be able to fix the input conductor 12 which
is an electrical conductor. The conductor fixing portion
20 of this embodiment includes a fixing hole portion 26
which fixes a fixture (not shown) such as a bolt to be
attachable and detachable and a fixing plate portion 27
which spreads in a direction perpendicular to a direction
(in other words, the depth direction Dd) in which the fixing
hole portion 26 extends from the opening peripheral edge
of the fixing hole portion 26. The fixing hole portion 26
and the fixing plate portion 27 are integrally formed by
metal such as copper or aluminum. The fixing plate por-
tion 27 of this embodiment has a rectangular exposed
plane when viewed from a direction in which the fixing
hole portion 26 extends. Additionally, a structure for fixing
the input conductor 12 to the conductor fixing portion 20
is not limited to bolt fastening. Further, if sufficient
strength can be obtained when fixing the input conductor
12, the fixing plate portion 27 may be omitted.

[0026] Here, for example, an end portion of an external
conductor C connected to a DC power supply or the like
to overlap the end portion of the input conductor 12 is
fixed to the conductor fixing portion 20 of this first em-
bodimentby a fixture. Thatis, this conductor fixing portion
20 has a function as a relay terminal that relays the ex-
ternal conductor C and the input conductor 12. Then, the
electrical resistance value of the contact portion between
the end portion of the external conductor C fixed to the
conductor fixing portion 20 and the end portion of the
input conductor 12 increases due to the contact resist-
ance. Therefore, voltage drop and temperature rise tend
to occur in this contact portion when a current is applied.
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[0027] As shown in FIGS. 2 and 3, the insulating base
portion 21 is disposed to be disposed between the con-
ductor fixing portion 20 and the cooling device body 19.
The insulating base portion 21 is fixed to the cooling de-
vice body 19 to block the opening portion 22. This insu-
lating base portion 21 electrically insulates the cooling
device body 19 and the refrigerant flowing through the
flow path R from the conductor fixing portion 20. Further-
more, the insulating base portion 21 is formed to be able
to transfer the heat of the conductor fixing portion 20 to
the cooling device body 19 and the refrigerant. As a ma-
terial of forming the insulating base portion 21, for exam-
ple, a material obtained by adding a filler capable of im-
proving thermal conductivity to a synthetic resin having
high electrical insulating performance can be used.
[0028] FIG. 4 is a plan view of the cooling device of the
first embodiment of the present disclosure.

[0029] As shown in FIGS. 3 and 4, the insulating base
portion 21 includes an insulating base portion body 28
and a flow path forming portion 29. The insulating base
portion body 28 and the flow path forming portion 29 are
formed of the same material. The insulating base portion
body 28 holds the conductor fixing portion 20. The insu-
lating base portion body 28 of this embodiment includes
two insulating base fixing portions 31 fixed to the input
side outer surface 23 of the cooling device body 19 on
both sides in the longitudinal direction thereof. The insu-
lating base fixing portion 31 of this embodiment includes
a through hole 31h for inserting a male screw portion S
of a fixture B such as a bolt.

[0030] The flow path forming portion 29 is exposed in
the flow path R and defines the flow path R together with
the cooling device body 19. In other words, the flow path
forming portion 29 is disposed to face the opening portion
22 of the cooling device body 19 and blocks the opening
portion 22. The flow path forming portion 29 of this em-
bodiment includes a recessed portion 32, a projection
portion 33, and a seal member 34. The recessed portion
32 is formed to be recessed in a direction approaching
the conductor fixing portion 20 from the end surface on
the side of the cooling device body 19 of the insulating
base portion body 28. The recessed portion 32 of this
embodiment has an elongated shape in the longitudinal
direction Da and includes a curved surface 32r formed
at both end portions of the longitudinal direction Da in
FIG. 4 to be curved in a concave shape. The projection
portion 33 is formed to protrude in the depth direction Dd
along the peripheral edge of the opening portion 22 and
to be allowed to fit with the inner peripheral surface of
the opening portion 22. The projection portion 33 is
formed in a tubular shape along the inner peripheral sur-
face of the opening portion 22. The seal member 34 is
provided between the projection portion 33 and the inner
peripheral surface of the opening portion 22 and seals a
gap between the flow path forming portion 29 and the
insulating base portion 21. The seal member 34 of this
embodiment is formed in a ring shape and is mounted
on the outer peripheral surface of the projection portion
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33. When the projection portion 33 is fitted into the open-
ing portion 22, this seal member 34 is collapsed while
being sandwiched between the outer peripheral surface
of the projection portion 33 and the inner peripheral sur-
face of the opening portion 22. Additionally, a ring-
shaped groove for positioning the seal member 34 may
be formed on the outer peripheral surface of the projec-
tion portion 33.

(Operation and effect)

[0031] The cooling device 16 for the electrical conduc-
tor of the first embodiment includes the cooling device
body 19 that forms the flow path R through which a re-
frigerant flows and has the opening portion 22 formed on
the outer surface to communicate with the flow path, the
conductor fixing portion 20 that is able to fix the input
conductor 12 as an electrical conductor, and the insulat-
ing base portion 21 which is disposed between the con-
ductor fixing portion 20 and the cooling device body 19,
is fixed to the cooling device body 19 to block the opening
portion 22, electrically insulates the cooling device body
19 and the refrigerant from the conductor fixing portion
20, and transfers the heat of the conductor fixing portion
20 to the cooling device body 19 and the refrigerant. Fur-
ther, the insulating base portion 21 includes the insulating
base portion body 28 which holds the conductor fixing
portion 20 and the flow path forming portion 29 which is
formed of the same material as the insulating base por-
tion body 28 and is exposed in the flow path to define the
flow path together with the cooling device body.

[0032] With such a configuration, even when a current
flows to the input conductor 12 fixed to the conductor
fixing portion 20 so that the temperature of the input con-
ductor 12rises, the heat of the input conductor 12is trans-
ferred from the conductor fixing portion 20 to the insulat-
ing base portion 21 to exchange heat with the refrigerant
flowing through the flow path via the flow path forming
portion 29 formed of the same material as the insulating
base portion body 28 of the insulating base portion 21.
Thus, the heat transfer path of the insulating base portion
21 can be shortened. As aresult, itis possible to improve
cooling performance by suppressing a complicated
structure of the cooling device 16 for the electrical con-
ductor.

[0033] The flow path forming portion 29 of the cooling
device 16 for the electrical conductor of the first embod-
iment further includes the recessed portion 32 which is
recessed in a direction approaching the conductor fixing
portion 20.

[0034] With such a configuration, itis possible to short-
en the distance between the conductor fixing portion 20
and the refrigerant flowing through the flow path while
ensuring the insulation distance between the input con-
ductor 12 and the cooling device body 19. Thus, it is
possible to efficiently cool the conductor fixing portion 20.
[0035] The flow path forming portion 29 of the cooling
device 16 for the electrical conductor of the first embod-
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iment further includes the projection portion 33 which is
allowed to fit with the opening portion 22 while protruding
along the inner peripheral surface of the opening portion
22. The flow path forming portion further includes the
seal member 34 that is provided between the projection
portion 33 and the opening portion 22 and seals a gap
between the flow path forming portion 29 and the insu-
lating base portion 21.

[0036] With such a configuration, the seal member 34
can be easily attached. Therefore, the burden on assem-
bly workers can be reduced.

Further, the direction in which the seal member 34 is
crushed between the opening portion 22 and the projec-
tion portion 33 can be different from the direction in which
the seal member 34 is pressed by the refrigerant pres-
sure. Thus, it is possible to suppress a decrease in seal-
ing performance, for example, even when the refrigerant
pressure is high and to more reliably seal a gap between
the insulating base portion 21 and the cooling device
body 19.

[0037] The power conversion device 100 of the first
embodiment includes the cooling device 16 for the elec-
trical conductor, the input conductor 12 which is an elec-
trical conductor, the power conversion unit 14 which con-
verts power input from the input conductor 12, and the
output conductor 15 which outputs the power converted
by the power conversion unit 14. Then, the cooling device
16 for the electrical conductor also serves as the cooling
device 16 for a power converter.

[0038] With such a configuration, it is possible to cool
the input conductor 12 which is an electrical conductor
used in the power conversion device 100 without provid-
ing the cooling device 16 dedicated for cooling the elec-
trical conductor. Thus, it is possible to efficiently cool the
input conductor 12 while suppressing an increase in size
of the power conversion device 100.

Second Embodiment

[0039] Next, a cooling device for an electrical conduc-
tor of a second embodiment of the present disclosure will
be described with reference to the drawings. The cooling
device for the electrical conductor of the second embod-
iment is different from that of the first embodiment only
in the configuration of the conductor fixing portion. There-
fore, the same parts as those of the first embodiment are
denoted by the same reference numerals, and overlap-
ping descriptions are omitted. FIG. 5 is a perspective
view corresponding to FIG. 2 in the second embodiment
of the present disclosure.

[0040] Asshownin FIG. 5, a cooling device 216 of this
second embodiment includes the cooling device body
19, a conductor fixing portion 220, and an insulating base
portion 221 similarly to the cooling device 16 of the first
embodiment. Additionally, the cooling device body 19 of
this second embodiment has the same configuration as
that of the first embodiment.

[0041] The conductor fixing portion 220 is formed to
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be able to fix the input conductor 12 of the power con-
version device 100 which is an electrical conductor. The
conductor fixing portion 220 of this second embodiment
extends in the stacking direction Dh perpendicular to the
longitudinal direction Da. The conductor fixing portion
220 of this second embodiment is formed of metal such
as copper or aluminum. The conductor fixing portion 220
has a flat plate shape in which the length in the stacking
direction Dh is greater than the length in the longitudinal
direction Da and the length in the longitudinal direction
Da is constant. In other words, the conductor fixing por-
tion 220 is formed in a band shape with a constant width.
Similarly to the first embodiment, two conductor fixing
portions 220 are provided as the same number of the
input conductors 12 and extend in parallel with a gap
therebetween in the longitudinal direction Da of the open-
ing portion 22. The upper portions of these conductor
fixing portions 220 are provided with through holes 41
for fixing the input conductor 12 using a fixture (not
shown) such as a bolt and a nut. On the other hand the
lower portion of the conductor fixing portion 220 is pro-
vided with a through hole 42 for fixing the external con-
ductor C extending from a DC power supply or the like
using a fixture (not shown) such as a bolt and a nut.
[0042] The insulating base portion 221 is disposed to
be disposed between the conductor fixing portion 20 and
the cooling device body 19. The insulating base portion
221 is fixed to the cooling device body 19 to block the
opening portion 22. This insulating base portion 221 elec-
trically insulates the cooling device body 19 and the re-
frigerant from the conductor fixing portion 220. Further-
more, the insulating base portion 221 is formed to be able
to transfer the heat of the conductor fixing portion 220 to
the cooling device body 19 and the refrigerant. The in-
sulating base portion 221 of this second embodiment is
fixed to the conductor fixing portion 220 while vertically
penetrating the conductor fixing portion 220. For exam-
ple, the insulating base portion 221 and the conductor
fixing portion 220 can be fixed with an adhesive or inte-
grally molded by injection molding. As a material of form-
ing the insulating base portion 221, for example, a ma-
terial obtained by adding a filler to improve thermal con-
ductivity to a synthetic resin having high electrical insu-
lating performance can be used similarly to the first em-
bodiment.

[0043] The insulating base portion 221 includes an in-
sulating base portion body 228 and the flow path forming
portion 29 (not shown in FIG. 5) similarly to the first em-
bodiment. The insulating base portion body 228 and the
flow path forming portion 29 are formed of the same ma-
terial. The insulating base portion body 228 holds the
conductor fixing portion 220. Further, the insulating base
portion body 228 includes two insulating base fixing por-
tions 31 which are fixed to the input side outer surface
23 of the cooling device body 19 on both outer sides of
the longitudinal direction Da. These insulating base fixing
portions 31 are fixed to the input side outer surface 23
of the cooling device body 19 by a fixture such as a bolt.
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(Operation and effect)

[0044] Thus, according to the cooling device 216 for
the electrical conductor of the second embodiment, it is
possible to increase the number of positions fixed by the
fixture in the conductor fixing portion 220 compared to
the first embodiment. Accordingly, even when it is not
necessary to connect electrical conductors other than
the input conductor 12 and the external conductor C to
the conductor fixing portion 220 in a merged manner or
in a branched manner, these can be easily connected.
Therefore, versatility as arelay terminal can be improved.

First Modified Example

[0045] FIG.6 is a perspective view when the insulating
base portion 21 of a first modified example of the first
embodiment of the present disclosure is viewed from the
side of the flow path forming portion 29.

[0046] For example, a cooling fin 45 formed of the
same material as the insulating base portion body 28
may be provided inside the recessed portion 32 of the
flow path forming portion 29 similarly to the first modified
example shown in FIG. 6. The cooling fin 45 of this first
modified example extends in the longitudinal direction
Da of the recessed portion 32 which is an elongated hole.
Further, a plurality of (for example, two) cooling fins 45
of this first modified example are provided at intervals in
the up and down direction of the recessed portion 32 (in
other words, the stacking direction Dh) perpendicular to
the longitudinal direction Da inside the recessed portion
32.

[0047] According to such a configuration of this first
modified example, sinceitis possible to increase the con-
tact area between the refrigerant and the insulating base
portion 21 by the cooling fin 45, it is possible to efficiently
exchange heat between the refrigerant and the insulating
base portion 21.

Second Modified Example

[0048] FIG. 7 is a plan view of a cooling device for an
electrical conductor of a second modified example of the
first embodiment of the present disclosure.

[0049] Inthefirstembodiment, acaseinwhichthe cool-
ing device 16 for the electrical conductor is provided in-
tegrally with the power conversion device 100 has been
described. However, the cooling device 16 for the elec-
trical conductor is not limited to being provided integrally
with the power conversion device 100. For example, as
shown in FIG. 7, the cooling device may be provided
integrally with a rotary electric machine M such as a mo-
tor. The rotary electric machine M of this embodiment
generates a rotating magnetic field using power input
from the input conductor (not shown) of the rotary electric
machine M to convert electrical energy into rotational en-
ergy. This rotary electric machine M includes a rotary
electric machine body MA and a casing MC formed in a
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cylindrical shape storing the rotary electric machine body
MA. A cooling device 316 cooling the rotary electric ma-
chine body MA is provided on the outer peripheral edge
portion of the casing MC. This cooling device 316 is
formed a ring shape to cover the outer surface of the
rotary electric machine body MA over the entire circum-
stance.

[0050] A cooling device body 319 of this cooling device
316 includes a ring-shaped flow path R through which a
refrigerant flows. Further, in this cooling device body 319,
similarly to the cooling device body 19 of the first embod-
iment, the opening portion 22 (not shown) communicat-
ing with the flow path R is provided in an outer surface
317 and the insulating base portion 21 is fixed to the
cooling device body 319 to block this opening portion 22
(not shown). Then, other electrical conductors (not
shown) electrically connected to the output conductor 15
of the power conversion device 100 such as an inverter
controlling the rotary electric machine body MA and the
input conductor (not shown) of the rotary electric machine
body MA are fixed to the conductor fixing portion 20 by
a fixture such as a bolt. Additionally, since the configu-
rations of the insulating base portion 21 and the conduc-
tor fixing portion 20 or the configurations of the opening
portion 22 on the side of the cooling device body 319,
the first flow path Ra, the second flow path Rb, and the
first folded flow path surface 24 are the same as those
of the first embodiment, detailed description will be omit-
ted.

[0051] Thus, according to such a configuration of the
second modified example, other electrical conductors
(not shown) connected to the output conductor 15 of the
power conversion device 100 such as an inverter con-
trolling the rotary electric machine body MA and the input
conductor 12 of the rotary electric machine body MA can
be cooled as the electrical conductors. Further, it is pos-
sible to cool atleast the input conductor used in the rotary
electric machine body MA as the electrical conductor
without providing the cooling device dedicated for cooling
the electrical conductor. Thus, it is possible to efficiently
cool at least the input conductor of the rotary electric ma-
chine M while suppressing an increase in size of the ro-
tary electric machine M.

Other Embodiments

[0052] The presentdisclosure is not limited to the con-
figurations of the embodiments and modified examples
described above, and design changes can be made with-
out departing from the gist thereof.

[0053] For example, in the first and second embodi-
ments, an inverter has been described as an example of
the power conversion device 100, but the power conver-
sion device 100 is not limited to the inverter. Forexample,
a device such as a converter or a combination of an in-
verter and a converter may be used to convert power
using a power semiconductor element that is a heat gen-
erating component. Further, the power device may in-
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clude a heat generating component separated from the
power semiconductor element.

[0054] Further, in the embodiments and modified ex-
amples, abus barisillustrated as the electrical conductor,
but the electrical conductor is not limited to the bus bar.
The electrical conductor may be, for example, a covered
wire or the like. Further, although a case has been de-
scribed in which two conductor fixing portions 20 and 220
are provided in the cooling devices 16, 216, and 316 of
the embodiments and modified examples, only one or
three or more conductor fixing portions 20 and 220 may
be provided.

[0055] Further, in the embodiments and modified ex-
amples, although a case has been described in which
the cooling devices 16, 216, and 316 for the electrical
conductors are provided integrally with the power con-
version device 100 or the rotary electric machine M, the
presentdisclosure is not limited these configurations. For
example, the cooling devices 16, 216, and 316 for the
electrical conductors may be provided separately from
the power conversion device 100 or the rotary electric
machine M. Further, although a case has been described
in which the electrical conductor used in the power con-
version device 100 or the rotary electric machine M is
cooled, the electrical conductor as a cooling target is not
limited to the electrical conductor used in the power con-
version device 100 or the rotary electric machine M. Any
electrical conductor whose temperature may rise may be
cooled by the cooling devices 16, 216, and 316 for the
electrical conductors of the present disclosure.

Appendix

[0056] The casing and the power conversion device
described in the embodiments are understood, for exam-
ple, as below.

(1) According to a first aspect, the cooling devices
16, 216, and 316 for the electrical conductors in-
clude: the cooling device bodies 19 and 319 in which
the flow path R of refrigerant is formed, the opening
portion 22 communicating with the flow path R being
formed on the input side surface (outer surface) 17
ofthe cooling device bodies; the conductor fixing por-
tions 20 and 220 which are allowed to be fixed the
input conductor (electrical conductor) 12; and the in-
sulating base portions 21 and 221 which are dis-
posed between the conductor fixing portions 20 and
220 and the cooling device bodies 19 and 319 and
are fixed to the cooling device bodies 19 and 319 to
block the opening portion 22, in which the cooling
device bodies 19 and 319 and the refrigerant are
electrically insulated from the conductor fixing por-
tions 20 and 220 by the insulating base portions 21
and 221, and heat of the conductor fixing portions
20 and 220 are allowed to be transferred to the cool-
ing device bodies 19 and 319 and the refrigerant
through the insulating base portions 21 and 221,
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wherein the insulating base portions 21 and 221 in-
clude the insulating base portion main bodies 28 and
228 holding the conductor fixing portions 20 and 220
and the flow path forming portion 29 which is formed
of the same material as the insulating base portion
main bodies 28 and 228 and is exposed in the flow
path R to define the flow path R together with the
cooling device bodies 19 and 319.

[0057] With such a configuration, even when a current
flows to the electrical conductor 12 fixed to the conductor
fixing portions 20 and 220 so that the temperature of the
electrical conductor 12 rises, the heat of the electrical
conductor 12 is transferred from the conductor fixing por-
tions 20 and 220 to the insulating base portions 21 and
221 to exchange heat with the refrigerant flowing through
the flow path R via the flow path forming portion 29 formed
of the same material as the insulating base portion main
bodies 28 and 228 of the insulating base portions 21 and
221. Thus, the heat transfer path of the insulating base
portions 21 and 221 can be shortened. As a result, it is
possible to improve cooling performance by suppressing
a complicated structure of the cooling devices 16, 216,
and 316 for the electrical conductors.

[0058] Examples of the electrical conductor 12 include
the input conductor.

[0059] (2) According to a second aspect, the flow path
forming portion 29 of (1) may include the recessed portion
32 which is recessed in a direction approaching the con-
ductor fixing portions 20 and 220.

[0060] With such a configuration, itis possible to short-
en the distance between the conductor fixing portion 20
and the refrigerant flowing through the flow path R while
ensuring the insulation distance between the input con-
ductor 12 and the cooling device body 19. Thus, it is
possible to efficiently cool the conductor fixing portion 20.
[0061] (3) According to a third aspect, the flow path
forming portion 29 of (2) may include the cooling fin 45
which is disposed inside the recessed portion 32 and is
formed of the same material as the insulating base por-
tion main bodies 28 and 228.

[0062] With such a configuration, since it is possible to
increase the contact area between the refrigerant and
the insulating base portion 21 by the cooling fin 45, it is
possible to efficiently exchange heat between the refrig-
erant and the insulating base portion 21.

[0063] (4) According to a fourth aspect, in the cooling
devices 16, 216, and 316 for the electrical conductors of
any one of (1) to (3), the flow path forming portion further
includes the projection portion 33 which is protruded out-
ward from the inner peripheral surface of the opening
portion 22 and which is allowed to fit with the opening
portion 22, and the cooling devices may include the seal
member 34 which is installed between the projection por-
tion 33 and the opening portion 22 to seal a gap between
the flow path forming portion 29 and the insulating base
portions 21 and 221.

[0064] With such a configuration, the seal member 34
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can be easily attached. Therefore, the burden on assem-
bly workers can be reduced.

Further, the direction in which the seal member 34 is
crushed between the opening portion 22 and the projec-
tion portion 33 can be different from the direction in which
the seal member 34 is pressed by the refrigerant pres-
sure. Thus, it is possible to suppress a decrease in seal-
ing performance, for example, even when the refrigerant
pressure is high and to more reliably seal a gap between
the insulating base portion 21 and the cooling device
body 19.

[0065] (5) According to a fifth aspect, the power con-
version device 100 includes: the cooling devices 16 and
216 for the electrical conductors of any one of (1) to (4);
the input conductor 12 which is formed to serve as the
electrical conductor; the power conversion unit 14 which
is configured to convert power input from the input con-
ductor 12; and the output conductor 15 which is formed
to output power converted by the power conversion unit
14.

[0066] With such a configuration, it is possible to cool
the input conductor 12 which is an electrical conductor
used in the power conversion device 100 without provid-
ing the cooling device 16 dedicated for cooling the elec-
trical conductor. Thus, it is possible to efficiently cool the
input conductor 12 while suppressing an increase in size
of the power conversion device 100.

[0067] (6) According to a sixth aspect, the rotary elec-
tric machine M includes: the cooling device 316 for the
electrical conductor of any one of (1) to (4); and the input
conductor which is formed to serve as the electrical con-
ductor, wherein the rotary electric machine generates a
rotating magnetic field by power input from the input con-
ductor to convert electrical energy into rotational energy.
Examples of the rotary electric machine M include an
electric motor or a generator.

[0068] With such a configuration, other electrical con-
ductors (not shown) connected to the output conductor
15 of the power conversion device 100 such as an in-
verter controlling the rotary electric machine M and the
input conductor of the rotary electric machine M can be
cooled as the electrical conductors. Further, itis possible
to cool at least the input conductor used in the rotary
electric machine M as the electrical conductor without
providing the cooling device dedicated for cooling the
electrical conductor. Thus, it is possible to efficiently cool
at least the input conductor of the rotary electric machine
M while suppressing an increase in size of the rotary
electric machine M.

Industrial Applicability

[0069] The present disclosure relates to a cooling de-
vice for an electrical conductor, a power conversion de-
vice, and arotary electric machine. According to the cool-
ing device of the present disclosure, it is possible to im-
prove cooling performance by suppressing a complicat-
ed structure.
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Reference Signs List

an insulating base portion which is disposed be-
tween the conductor fixing portion and the cool-
ing device body and is fixed to the cooling device

body to block the opening portion, in which the
cooling device body and the refrigerant are elec-

[0070] trically insulated from the conductor fixing por-
tion by the insulating base portion and heat of
11 Casing 5 the conductor fixing portion is allowed to be
12 Input conductor (electrical conductor) transferred to the cooling device body and the
12a First input conductor portion refrigerant through the insulating base portion,
12b Second input conductor portion wherein the insulating base portion includes:
13 Rectifying unit
14 Power conversion unit 10 an insulating base portion body holding the
15 Output conductor conductor fixing portion; and
16, 216, 316 Cooling device a flow path forming portion which is formed
17 Input side surface (outer surface) of the same material as the insulating base
18 Output side surface portion body and is exposed in the flow path
19, 319 Cooling device body 15 to define the flow path together with the
20, 220 Conductor fixing portion cooling device body.
21, 221 Insulating base portion
22 Opening portion The cooling device for the electrical conductor ac-
23 Input side outer surface cording to claim 1,
24 First folded flow path surface 20 wherein the flow path forming portion includes a re-
25 Screw hole cessed portion which is recessed in a direction ap-
26 Fixing hole portion proaching the conductor fixing portion.
27 Fixing plate portion
28, 228 Insulating base portion body The cooling device for the electrical conductor ac-
29 Flow path forming portion 25 cording to claim 2,
31 Insulating base fixing portion wherein the flow path forming portionincludes a cool-
31h Through hole ing fin which is disposed inside the recessed portion
32 Recessed portion and which is formed of the same material as the in-
32r Curved surface sulating base portion body.
33 Projection portion 30
34 Seal member The cooling device for the electrical conductor ac-
41, 42 Through hole cording to any one of claims 1 to 3,
45 Cooling fin
100 Power conversion device wherein the flow path forming portion further in-
B Fixture 35 cludes a projection portion which is protruded
C External conductor outward from an inner peripheral surface of the
R Flow path opening portion and which is allowed to fit with
Ra First flow path the opening portion, and
Rb Second flow path wherein the cooling device further includes a
M Rotary electric machine 40 seal member which is installed between the pro-
MA Rotary electric machine body jection portion and the opening portion to seal a
MC Casing gap between the flow path forming portion and
the insulating base portion.
Claims 45 5. A power conversion device comprising:
1. Acooling device for an electrical conductor compris- the cooling device for the electrical conductor
ing: according to any one of claims 1 to 4;
an input conductor which is formed to serve as
a cooling device body in which a flow path of 50 the electrical conductor;
refrigerant is formed and on an outer surface of a power conversion unit which is configured to
which an opening portion communicating with convert power input from the input conductor;
the flow path is formed; and
a conductor fixing portion which is allowed to be an output conductor which is formed to output
fixed an electrical conductor thereto; and 55 power converted by the power conversion unit.

6. A rotary electric machine comprising:
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the cooling device for the electrical conductor
according to any one of claims 1 to 4; and

an input conductor which is formed to serve as

the electrical conductor,

wherein the rotary electric machine generatesa 5
rotating magnetic field by power input from the
input conductor to convert electrical energy into
rotational energy.
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